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Summary: The study objective, to determine the role of abattoir antemortem pens in preharvest
Salmonella enterica contamination, was conducted over 4 sampling periods, February-April 2002. A
total of 40 sows were selected for each period at the same collection point and transported to the
abattoir. Twenty (20) were unloaded and sent directly to harvest and 20 held in antemortem pen for
2 h before harvest. Samples collected included ileocecal and subiliac lymph nodes, cecal and
transverse colon contents, pre-rinse carcass sponge swabs for the right and left carcass sections and
chopped meat blocks composited from these carcasses. The percentage of positive samples (all tissues)
and cecal content from sows held in the antemortem pens (59%, 55 %, respectively) were significantly
higher (P < 0.05) compared to direct delivered (44%, 39 % respectively). This study demonstrates that
normal antemortem holding practices contributed to increased Salmonella enterica contamination
of the digestive tract.  
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Introduction: Salmonella enterica contamination for all pork product classes is a growing worldwide
concern. We have previously demonstrated that 40-70 % of Midwestern USA market swine are
Salmonella positive after normal farm-direct transportation and antemortem holding (McKean et al,
2001). Cull sows may present a greater potential risk for introduction of food-borne Salmonella
contamination, in part because of accepted centralized collection, holding, and handling practices
with animal commingling, and foods produced. They may become infected with Salmonella either
directly by contaminated feed or water, or indirectly by exposure to a contaminated peri-marketing
environment. Much of the pork derived from cull sows consists of ground meats used in processed
products (pepperoni, salami, etc) sold directly to consumers. Therefore, Salmonella contamination may
be a greater food-borne risk in pork derived from cull sows. Few studies have examined Salmonella
risk relationships under modern procurement and processing practices. This study was designed to
examine the role of the abattoir antemortem pen in peri-marketing Salmonella contamination. 
Materials and Methods: Four sampling periods, from February–April 2002, involved 160 cull sows
handled under normal marketing conditions. Buying station personnel selected cull sows from a
larger population from a common production source. Sows (n = 40) selected each period were
transported to the abattoir by commercial trucker, where 20 sows were unloaded and sent directly
to harvest. The other 20 sows were held in antemortem pens for ~2 h and harvested under the same
conditions. Prior to entry of sows four 100 cm2 4-ply gauze squares were placed on the pen floor. The
postmortem collection of transverse colon contents was substituted for an antemortem fecal sample
because of safety concerns associated with obtaining a pre-harvest sample in the available
antemortem pen environment. 
Each carcass was individually identified. Samples collected included ileocecal lymph node (5-10 g),
subiliac lymph node (1-5 g), cecal contents (20 g), transverse colon contents (15 g), pre-carcass wash
sponge swabs of the left and right carcass section, utilizing the standard three-site USDA-FSIS procedure
(300 cm2), and chopped meat block samples from a mixture of each 20 sow group. All samples were
placed in whirl-pak bags and transported on ice to the National Animal Disease Center, Ames, Iowa.
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Samples were handled in the following manner. Colon (10 g) and cecal (10 g) contents each were
placed in 90 ml of tetrathionate and of GN-Hajna broths, two enrichment media. The subiliac lymph
nodes from each carcass side were pooled, placed in a sterile bag, and macerated with a rubber
mallet. The ileocecal lymph nodes were treated in the same manner. Buffered peptone water (10 ml)
was added to each lymph node-containing bag and the sample was homogenized for one minute
in a stomacher at 260 rpm. One ml of supernatant was added to 9 ml for each of the two enrichment
media. Carcass (separate for each side) and environmental sponges were cut lengthwise into four
sections and placed into 18 ml of each enrichment medium. All inoculated media were incubated
overnight at 37 ÆC. At 24 h, the tetrathionate and GN-Hajna cultures were transferred (1:100) into
Rappaport R-10 medium and incubated 24 h at 37 ÆC. After 24 h, all Rappaport enrichments were
screened with an enzyme-linked immunosorbent assay (ELISA).(Rostagno et al, 2001). Samples with
ODx > 0.400 were considered positive and were streaked onto xylosine-lysine-tergitol-4-agar (XLT-4)
plates and incubated overnight (37 ÆC). One colony from each plate exhibiting typical S. enterica
appearances was picked to Rambach agar and incubated overnight (37 ÆC). Presumptive positive
isolates were serogrouped and picked to tryptase soy agar (TSA) slants, then submitted to the National
Veterinary Services Laboratory, Ames, Iowa, for serotype determination.
Results: Sows (n = 160) were sampled over 12 weeks. Selected animals were handled identically
except for the 2 h antemortem holding period. Individual animal results were collected and analyzed,
but combined for reporting purposes. Table 1 summarizes the data for all Salmonella isolations.
Overall, there was a statistically significant difference for recovery of Salmonella from cecal contents
(P < 0.03) and from overall carcass samples (P < 0.05) when treatment (hold) and control groups (no
hold) were aggregated and compared. All other sample types were not influenced by holding. Table
2 summarizes isolate serotypes from antemortem pens and hold and no-hold animals.
Table 1. Tissue percentage positive samples and number tested of sows held for two hours vs. no hold.
Table 2. Aggregated serotypes isolated from pens and animals
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Discussion: The 2 h antemortem pen holding period was sufficient to influence the isolation rates in
cecal contents but not for other tissues sampled. The recovery of Salmonella from cecal contents
increased more quickly than other tissues when sows were exposed to contaminated environments
of the holding pen. This observation is consistent with reports in finishing swine. The level of cecal
contamination was higher in sows resting in the holding pens (55 %) than in animals harvested directly
upon arrival at the abattoir, although not as large a difference as observed in other studies. The
heightened entry contamination level may be caused by several interrelated factors. The cull sows
had 18 - 24 h of exposure to an environment (collection point) where commingling with sows of other
farms occurred. Therefore, both direct and indirect exposure opportunities were possible. These
indirect routes from farms to abattoir and continuous exposures to commingled environments offered
opportunities for contamination prior to abattoir delivery. The potential for increasing the cecal
isolation rates significantly over a 2-h holding period is decreased as the entering baseline (no-hold)
percentage rises. This factor may partially explain the absence of significant differences in cecal content
and other tissue isolations when individual test periods are analyzed, but a significant difference in
cecal contents when overall recoveries are compared. In addition, weekly variations in the levels of
antemortem pen environmental contamination may have contributed to this difference. 
The much lower isolation rates for the transverse colon as compared to the cecal contents and the
lack of difference in isolation rates between direct and holding groups for other tissues were not
anticipated. This observation is consistent with a transient infection that has not had sufficient time
to traverse the entire tract. The relatively low ileocecal lymph node isolation rates within and between
groups may result from a similar temporal or dose exposure function. Low-level environmental
exposures may be sufficient to contaminate cecal contents but inadequate to consistently be taken
into the gut-associated lymph system. Additional work is needed to further elucidate this observation
and relative epidemiologic importance. 
Finding minimal Salmonella isolations from the carcass-associated lymph system, as represented by
the subiliac lymph nodes, is consistent with market swine observations. As with the ileocecal nodes,
there may be a threshold exposure level necessary for colonization. The minimal carcass surface
(carcass swabs) and meat block contamination rates most likely represent the results of Hazard
Analysis Critical Control Points (HACCP) controls implemented by the processing facility. Even though
a substantial percentage of the gut tracts contained Salmonella at harvest, it was not transferred
from the gut to the carcasses during processing. The greater serotype diversity and frequency of
isolation in the “hold” groups indicated that the antemortem pen was a likely contributor to increased
Salmonella isolation rates. Because only four of the seven pen isolates were recovered in later cultures,
this may reflect bias introduced in selecting colonies for further serotyping. Whether they were
represented on the initial culture plate and not selected, cannot be determined under current
procedures. This study demonstrates that normal antemortem holding practices contributed to
increased Salmonella enterica contamination of the digestive tract at harvest. 
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